The second seaE on, treatmer.t ;.e ,els were O, 2 4 or 6 mg of dieldrin per hen per wee·k. It appe1:c.re \ ·Ghat the 2 aud 4 mg treatments did not influence feed consumption an :i 1en ..:eight sufficiently to affect the rate of egg production. However, the 6 mg treatment significantly reduced feed consumption, hen w::ight. and egg production. Egg weights appeared erratjc and not djrectly affected by dieldrin. Fertility and hatchabilit.y of eggs and �urviv�tl and w,!ight gain of chicks were not reduced by the treatments. Porsibly th•: 2 mg treatme_ nt had a slight stimulatory effect on her. wEight. The 6 mg treatment apparently affected reproduction by lowerir"g the condi·�ion of the hens and reducing egg production.
In South Dakota, the•Ring-necked Pheasant (Phasianus colchicus) is of economic importance. Thus, South Dakota State University is concerned with the effects insecticide use may have on the state's pheasant population. Since dieldrin has been commonly used to control insects in prime pheasant range, the present study was conducted to evaluate its effects on pheasant reproduction.
Some studies indicate that sub-lethal quantities of dieldrin may have an effect on reproductive success of pheasants. DeWitt (1956) reported reduced hatchability and survival of chicks when adult pheasants we:re fed a die· t containing dieldrin.
In a similar study, Genelly and Rudd (1956) reported lowered e;g production, hatchability and survival of pheasant chicks. In both experiments, adult pheasants were penned in groups and dieldrin was mixed with the feed.
The present study was initiated in 1964 and conducted for two years. Pheasants were caged individually and given encapsulated dieldrin. The objectives were to determine the effects of dieldrin on 1 ) rate of egg production, f€ec conswnption and weight of hens,
2 ) weight, fertility and hatchability of eggs and 3) weight gain and survival of chicks. given to the �ontrols.
The adult pheasants used in the experiment were held in individual cages. Cock cages, in which the hens were bred, were approximately 24 X 24 X 24 inches, (Fig. 2 ). Hen cages (Fig . 3) , a modification of those used by D. D. Suter of the South Dakota Pheasant Company, were designed to achieve the following objectives:
1) measurement of individual feed consumption, 2) identification of each egg and 3) to facilitate har.dling of specific birds at specified times for weighing, administration of dieldrin and breeding purposes. They measured 12 X 18 inches at the base and 12 inches in height. Pheasants were kept in darkened rooms and induced to lay eggs by regulation of the photoperiod . In 1965, the birds were put in cages March 2 and allowed 3 weeks on an 8 1/2 hour photoperiod to become adjusted to their new environment . During the next 5 weeks, the photoperiod was increased to 16 hours and kept constant for 6 the duration of the breeding season . Dieldrin was first administered
March 22, when the photoperiod w�s 9 3/4 hours and 9 of the 30 hens were laying. The second season, birds were put in cages December 16, and allowed. 7 weeks on a 9 1/2-lJ hour photoperiod to become adjusted.
During the ensuing 6 weeks, as in 1965, the photoperiod was increased to 16 hours and held constant for the remainder of the breeding period. Dieldrin was first administered March 28, wher, the photo period was 16 hours and 38 of the 40 hens were laying.
Hens were bred, weighed and given a capsule (Fig. 4) at weekly intervals for 13 weeks . Each day eggs were collected, weighed and labeled and feed given each hen was measured. Every third egg laid by each hen was stored for c:hemical analysis and the remainder were set daily in a forced-draft incubator. Temperature (99-lOO'F) and humidity (wet bulb 86-90'F) were kept constant during incubation and hatching.
Chicks were banded at hatching and held in brooders . The brooder used in 1965 was improvisei and equipped with one 250 watt infrared heat bulb. In 1966, commercial battery brooders were used.
The chicks were pinioned at 1-2 weeks of age and moved to outdoor pens when 4-5 weeks old. Each chick was weighed weekly until 8-9
weeks old . 
RESULTS

Feed Consumption and Hen Weight
Statistical analysis by tie least squares method of the 1965 data detected no difference between treatments regarding feed consumption but a significa�t difference (0. 05) between treatments for hen weight. Dunnett's T test showed the 4 mg group, weighed significantly more (0 . 05) than the control (Table 1) .
In 1966, analysis of variance indicated a highly significant difference (0.01) between treatments for feed consumption and hen weight. Dunnett's T test showed that the 4 and 6 mg groups consumed significantly less (0. 05) feed than the controls and that the 2, 4 and 6 mg groups weighed significantly less (0.05) than the controls.
DeWitt (1955) observed that pheasants displayed a definite aversion to feed contaminated with dieldrin. In the present study, there was an inverse relationship between feed consumption and the level of treatment in all cases except the 4 mg group in 1965.
Since the dieldrin was encapsulated, it had no effect on the palatability of the feed. Thus, the dieldrin reacted with the hens in an unknown manner to reduce feed consumption.
The difference detected in hen weights for 1965 may not represent sub-lethal effects of dieldrin. That year hens were Differences between group means were present during the first week of treatment and, except for the 6 mg group, remained relatively stable (Fig. 6 ). The net weight loss was 48 gm (3.5%) for the O mg group, 23 gm (1. 8%) for the 2 mg group, 78 gm (5,9%) for the 4 mg group and 139 gm (10,9%) for the 6 mg group. The 4 mg group lost slightly more than the controls and only the 6 mg group exhibited a definite reduction in body weight as compared to the controls. In 1965, the 2 mg group gained more weight than the controls and in 1966, the 2 mg group lost less weight than the controls .
In each case, the 2 mg group consumed less feed than the controls.
This is a reversal of the relationship between body weight and feed consumption for the other treated groups when compared with the controls. Possibly the 2 mg treatment of dieldrin had a slight stimulatory effect on body weight.
Egg Production
Hens of the 6 mg group laid significantly fewer (0. 05) eggs than those of the controls (Table 1) . Genelly and Rudd (1956) proposed that insecticides affect egg production through reduction of feed consumption. In the present study, rate of egg production was r.ot consistent with the level of treatment but v-aried more closely with feed consumption . In 1965, feed consumption was not reduced by dieldrin and no effect on egg production was observed .
In 1966, the mean feed consumption of the 6 mg group was 9.2 gm less than the controls and a corresponding reduction of egg production occurred . Mean feed consumption of the 4 mg group was reduced 3.7 gm but egg produ,;tion was not significantly reduced . It appears that only t�e 6 mg treatment had sufficient effect on feed consumption to reduce egg production .
Egg Weight ftnalysis of egg weight by least squares detected a signif-16 icant difference (0.05) between treatments for both years . Du.,nett's T test of the 1965 data showed the 4 mg group laid significantly heavier (0.05) eggs than the controls. In 1966, the 2 mg group laid significantly heavier (0.05) eggs than the controls but the 6 mg group laid significantly lighter (0 . 05) eggs (Table 1) , Egg weight was somewhat erratic and did not appear to be directly influenced by any one factor . It appeared to vary with net weight change of hens which is an expression of feed consumption.
In 1965, the O mg group hens gained 47 gm (4 . 9%) , the 2 mg group gained 82 gm (8.5%) and the 4 mg group gained 154 gm (16 . 1%) . In 1966, the net loss for each group vas 48 gm (3 .5%) , 23 gm (1. 8%) , 79 gm (5. 9%) and 139 gm (10.9%) respectively. Hens that gained the most or lost the least weight laid the heaviest eggs (Table 1) .
Possibly the egg weight of the 6 mg group was reduced by the dieldrin.
However, Breitenbach, Nagra and Meyer (1963) observed that egg production of birds on limited intake diets was greatly decreased while egg size was only slightly reduced. The relationship of feed consumption, net weight change, body weight, egg production and level of treatment to egg weight is not clearly understood.
Chemical Analysis of Eg g Yolks 8..c �d Fat
It is well documented that dieldrin is deposited in the eggs and fat of birds receiving the insecticide in their diet (Rudd 1964 ).
However, it was considered necessary to chemically analyze eggs and fat to deterrnine :f dieldrin was deposited in these tissues under the conditions of this study.
That portion of the 1965 study was completed and reported by Lamb ( 1966) . He found that dielirin was deposited in the yolk (Table 2) ---------- .Analysis completed by Lamb, (unpublished).
Fertility and Hatchabili ty of EgeiS
Chi-square analysis of fertility detected no significant differences between treatments either year. In 1965, hatchability of the 2 mg group was significantly higher (D.05) than the controls, however, the difference between the 4 mg group and controls was not significant. Differences in hatchability between treatment groups
were not significant for 1966 (Table 3 ).
In 1966, fertility averaged 14.0 percent lower and hatchability 27,9 percent lower than in 1965. Since breeding and iP.cubation procedures were the same both years, the differences between years cannot be explained.
The dieldrin apparently had no effect on fertility and hatchabili ty except possibly hatchabili ty of the 2 mg group in 1965. Azevedo, Hunt and Woods ( 1965) rE:ported that eggs from hen pheasants fed diets containing 10 ppm DDT and 500 ppm DDT during egg laying had slightly higher hatchability T.han control eggs. At low levels, dieldrin may have a slight stimulatory effect on hatchability of eggs.
Survival of Chicks
Analysis of survival rates re,realed no significant differences between groups for either the 0-2 week or the 0-8 week periods in both years (Table 3) , Stanz (1952) reported that survival of pheasant chicks raised in confinement to 8 weeks of age was 92%. Survival of chicks to 8 weeks of age, based upon the number of egg s incubated, was also analyzed by chi-square (Table 4 ). In both years no significant differences were detected between treatments .
Wei�ht Gain of Chi cks
Analysis of weight gains for 1965 by least square s revealed no significant differences between treatments ( Table 5 ). All chicks, when 4-5 week s of age, were moved to outdoor pens. During the first week while in the outdoor pens, all groups experienced a similar reduction in weight gain. The reduction probably reflected the reaction and adjustment of the chicks to their new environment.
In 1966, the 2 mg and 6 mg chicks, when 3-4 �eeks of age, gained significantly more (O.C5) weight than the controls. The 9,3 9.8 9 . 9 9.4 7-8 9,9 9,7 9,5 12.6 12.1 13. 4
13.4 8-9 10. 2 10. 6 10.1 13.1 13. 3 12.1 13, 5 * Sign ificantly different fr om control (0. 05) level (Dunnett 's T tesf) .
chicks were moved to outdoor pens at 4-5 weeks of age and suffered a greater reduction in weight gain thl:!,n in 1965. This reduction was apparently caused by disease present in the outdoor pens which most of the chicks contracted at that time . The effects of the disease were so severe that weight gain of the chicks was affected for a two-week period ( Table 5) .
Except for the 5-6 and 6-7 week age classes, weight gain of chicks in 1966 averaged 2.8 gm per chick per week more than in
1965 . It appears this difference reflected the less crowded I conditions present in the brooders and outdoor pens in 1966 .
In both years total weight gain was not consistently related to the level of treatment. In 1965 , the total mean gain per chick per day was 6. 5 gm for the O mg group , 6.6 gm for the 2 mg group and 6. 7 gm for the 4 mg group. In 1966 , the mean gair.s were 8. 2 gm (0 mg group ), 8.6 gm (2 mg group ) , 8.2 gm (4 mg group) and 8. 6 gm (6 mg group) respectively . Differences that existed between groups were small and did not reflect the level of treatment . Furthermore, no pattern in weekly weight gain of any kind was established during the weighing period. The differences in gain between groups continually changed. Also, the rank of groups each week by weight gain was not consistent througho'..lt , but constantly shifted.
Apparently dieldrin was not the uominant factor influencing weight gain of chicks .
DISCUSGION
Reproduction is a major factor in det er mi ning the trend of pheasant popul ations . Thus , it is :mport ant that ef fects of dieldri n on reproduction be ev ai-..1at ed in terms of reproductive su ccess which is dependent on inher ent charact erist ics of the hen and many variabl e factors in th e env irorunent . In the present study , an at tempt was made to hold al l pheas ants under identical condit ions and make dieldrin the only variabl e between groups . Differences in reproduction coul d then be attr ibuted to the treatments of dieldrin.
One factor of major importance in det ermi ning reproduct ive success is the general condition of the hen (Kabat et al . 1956 ).
Feed consumption and body weight ar e closely associated with each oth er and indicators of conditon . In the present study , di el dr in ap parently reduced feed consumpt ion. This reduction brought ab out a corr esponding decrease in body weight which was most pronou nced ir; the 6 mg group . It ap pears that dieldri�, by reducing feed consumpt ion , af fected the condition of the hens, es pec ially of -chose in the , 6 mg group .
Westerskcv (1955 ) st ate6 that rate of egg product ion ir.
pheas ants is largely dep en dent on the condit ion of the hen .
Condi-cion cf the hens in the 6 mg gr oup app arentl y resulted in a statisticelly significant decrease in egg production . Ev identl y the condit ion of the hens in the other groups was not suf ficient ly affected to significantly reduce egg production. Since percent surv ival of chicks from eggs inc·1bated was not significantly different between treatments, it appears that the only effect dieldr in had upon reproductive success was a reduction in number of eggs laid .
Chemical analysis of egg yolks showed dieldrin was de� osited in the eggs and that thes e amolll1t s generally reflected the level of treatment (Lamb 1966 ) . Genelly and Rudd (1956) reported that dieldrin concentration in eggs from pheasants fed a diet containing the insecticide was highly variable . They found hatchaoility was not reduced but mortality of ch icks was increased during the first two weeks after hatch ing. Hunt and Keith (1963 ) found dieldrin and 26 DDT residues in pheasant eggs collected from the wild . They reported that ch icks from eggs collected in an area of high insecticide use had consi derably higher mortality r�tes than those from an area of no insecticide use. Dieldrin residues in these eggs ranged from 0-2 5 ppm and considerable residu es of DDT were also present . In the present study, dieldrin residues in eggs laid in 1965 'averaged 7. 8 ppm for the 2 mg group and 19. 4 ppm for the 4 mg group . In 19 66 , residues averaged 15 .7 ppm for the 4 mg group and 33 .6 ppm for the 6 mg group (Table 2 ). It appears the.t the presence of these amounts of dieldrin in the eggs did not affect hatchab ility o� the eggs or survival and weight gain of the ch icks.
In general , it appeared that dieldri n, at the 6 mg level, affected reproduction by reducing feed consumption and body we ight , thus , lowering the condit ion of the hen and impairing the hen's ability to lay eggs . However , condition of the hens and dieldrin residues in the egg yolks apparently did not affect hatchability of eggs or vi ability of chicks . In view of these results , it appears dieldrin may affect reproduction in two ways. First, by decreasing rate of egg pr oduction, clutch size may be reduced.
However, Hunt and Ke ith (1963 ) reported that clutch size in an 27 area of high insect icide use was not significantly different from clutch size in an area of no in secticide use. Genelly and Rudd (1956) stated that under field conditions clut ch size would not be reduced but that complet ion of the clutch wou ld merely be delayed. Second , by lowering feed consumption and reducing body weight, the hen 's ability to cope with the stresses nf incubat ion , brooding, molting and the envi ronment may be impaired. The extent to wh ich the additional stress of dieldrin would affect survival and reproductive efforts of hens in the wild is unkr.own.
The conditions under whi ch the hens were st.udied we!'e not tile s5Jlle as those encountered by birds in the wild. Birds in the wild are potenti ally exposed to insecticides throughout the year . They a!'e also expose� to a variety of insecticides which in comb ination may be more harmful (Anonymous 1966) . In addit ion birds in the wild are requ ired to incubate , brood and molt while withstanding the stresses of their environment . However, similarities did exist.
First , the hens studied received dieldrin and deposited it in their fat and eggs. Second, the hens were subjected to the stress of caging. Kabat et al. (1956) 
